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METHOD OF PREPARING CAT ALYST FOR POLYMERIZATION OF 
ALIPHATIC POLYCA RBONATE AND METHOD OF POLYMERIZING 
ALIPHATIC POLYCARBONATE 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a method of preparing a catalyst for 
polymerization of aliphatic polycarbonates and a method of polymerizing an aliphatic 
polycarbonate, and more particularly, to a method of preparing a catalyst for 
10 polymerization of aliphatic polycarbonates exhibiting high catalyst activity using an 
amphiphilic block copolymer. 

BACKGROUND OF THE INVENTION 

Carbon dioxide from industrial activities, among atmospheric pollutants, has 
been known as one reason for climatic change according to the UNFCCC, so various 
15 studies to reduce the amount of carbon dioxide produced have been undertaken all 
around the world. Therefore, in order to protect the environment and to use carbon 
dioxide, a method in which an epoxide reacts with carbon dioxide as a carbon source 
in the presence of a zinc-included catalyst to prepare an aliphatic polycarbonate has 
attracted attention. 

20 The aliphatic polycarbonate is able to form a film or a particle, and has uses 

in many areas such as for ceramic binders, evaporative pattern casting, and 
adhesives. However, this method has a low yield because of low carbon dioxide 
reactivity. Accordingly, it is difficult to use industrially, so it is required to prepare a 
catalyst exhibiting high efficiency for increasing the yield of the aliphatic 

25 polycarbonate. 

Inoue teaches a method of polycarbonate production from carbon dioxide 
and epoxide in U.S. Patent No. 3,585,168. 

The Inoue catalyst system was prepared by the reaction of a diethylzinc 
catalyst with materials containing active hydrogen compounds, e.g., water, 

30 dicarboxylic acid, or dihydric phenols, and the typical catalyst productivities ranged 
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from 2.0 to 10.0 grams of polymer per gram of catalyst used. The catalyst has 
shortcomings associated with use and storage, because of stability and sensitivity to 
moisture and to other catalyst poisons, and it has a low yield, so it has been required 
to study other catalyst systems. 
5 Zinc dicarboxylic acid esters (Polymer J. 1 3(4), 407(1 981 )) reported by Soga 

have also been described as effective catalysts for copolymerization of carbon 
dioxide and propylene oxide, and since these are stable materials with none of the 
handling problems associated with diethylzinc, they represent interesting candidates 
for a practical commercial catalyst system. 

10 Motika (U.S. Patent No. 5,026,676) teaches a method for preparing zinc 

dicarboxylic acid ester in which zinc oxide reacts with dicarboxylic acid in the 
presence of an organic solvent. Glutaric acid and adipic acid produced catalysts 
with higher activity than the known zinc dicarboxylic acid ester catalysts, and the 
catalyst production is about 2 to 26 grams of the aliphatic polycarbonate per gram of 

15 catalyst. 

Zinc dicarboxylic acid ester is a heterogeneous catalyst of which catalyst 
activity depends on its surface structure, so various processes to form a surface 
structure that gives high catalyst activity have been proposed. For example, 
Kawachi (U.S. Patent No. 4,981,948) teaches a method of producing zinc 
20 dicarboxylic acid ester with a mechanical pulverization treatment such as with a ball 
mill, and the yield of the aliphatic polycarbonate is 8.1 to 34.2 gram per gram of the 
catalyst. 

In addition, a method of preparing zinc dicarboxylic acid ester as a 
homogeneous catalyst is disclosed in U.S. Patent No. 4,783,445, by Sun. This 
25 method includes a reaction of zinc salts with a dicarboxylic acid monoester in an 
organic solvent, and the yield is 5.1 to 12.4 gram per gram of the catalyst. 

SUMMARY OF THE INVFM T |ON 

It is an object of the present invention to provide a method of preparing a 
catalyst for polymerization of an aliphatic polycarbonate, the catalyst including zinc, 
30 and producing the aliphatic polycarbonate with a high yield. 
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It is another object of the present invention to provide a method of 
polymerizing an aliphatic polycarbonate using the catalyst. 

These and other objects may be achieved by a method of preparing a 
catalyst for polymerization of an aliphatic polycarbonate, including reacting a zinc 
5 precursor and an organic dicarboxylic acid in a solution including a templating agent. 

In order to achieve these objects and others, the present invention provides 
a method of polymerizing an aliphatic polycarbonate, including copolymerizing an 
alkylene oxide and carbon dioxide in the presence of the catalyst. 

PETAILED DESCRIPTION OF THE INVFMT|^ 

10 The present invention relates to a method of preparing a catalyst with high 

activity, used for preparation of an aliphatic polycarbonate by copolymerizing 
alkylene oxide and carbon dioxide. The inventive procedure is characterized by 
using a templating agent which renders control over catalyst activity, and it prepares 
a catalyst with an economical procedure. 

15 The method of preparing the catalyst of the present invention includes 

reacting a zinc precursor with an organic dicarboxylic acid in a templating 
agent-included solution to prepare a catalyst for polymerizing an aliphatic 
polycarbonate, zinc dicarboxylic acid ester. One example of the procedure is shown 
in the following reaction formula 1 . As shown in the reaction formula 1 , at least one 

20 copolymer with two or more monomers is added to a solvent. 
(Reaction Formula 1) 

n A Block copolymer 

2j»(OAc) 2 - 2J1 2 0 + HOOCRCOOH , Zn(o.CRCO.) 

Ethanol /H^O 

where R is (CH^ and where x is an integer of 0 to 10, e.g., phenyl or 
naphthaloyl. 

25 The catalyst preparation of the present invention will be illustrated in more 

detail. 

0.01 to 99 parts by weight and preferably 1 to 20 parts by weight of a 
templating agent are added to 100 parts by weight of a solvent and mixed. In the 
mixing step, the solvent is preferably maintained at 30 to 80 *C by heating. 
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The templating agent may be non-ionic surfactant, and preferably an 
amphiphilic block copolymer. The amphiphilic block copolymer has a lipophilic 
block and a hydrophilic block, its coagulation energy depends on a repeating unit and 
molecular weight, and its various phases depend on concentration in a solvent. The 
amphiphilic block copolymer acts to modify and control morphology of inorganic 
materials according to an interaction between the block and a solute. Such a 
modification of morphology allows the surface structure on which catalyst activity 
depends to be of a molecular scale, and it improves catalyst activity in comparison to 
the conventional catalyst prepared without the templating agent. 

The amphiphilic block copolymer may be an A-B type diblock copolymer or 
an A-B-A or B-A-B type triblock copolymer, of which each block has different 
solubility to dispersion, coagulation energy to medium, and stability of distributed 
particles. Examples of the amphiphilic block copolymer may be 
polyoxyethylene-polyoxypropylene-polyoxyethylene, 
1 5 polyoxyethylene-polyoxypropylene, 

polyoxypropylene-polyoxyethylene-polyoxypropylene, polystyrene-polyoxyethylene, 
polystyrene-poly-2-vinylpyridine, polystyrene-poly-4-vinylpyridine, 
polyethylene-polyoxyethylene, polyethylenepropylene-polyoxyethylene, 
polymethylmethacrylate-polyoxyethylene. polystyrene-polymethylmethacrylate, 
20 polystyrene-polybutadiene, polystyrene-polybutadiene-polystyrene, 
polystyrene-polyisoprene, polystyrene-polyisoprene-polystyrene, 
polyN-vinylpyrrolidone-polystyrene, 
poly(dimethylamino)ethylmethacrylate-methacrylate, 
poly(2-dimethylamino)ethylmethacrylate-polybutylmethacrylate, 
polystyrene-poly-2-hydroxyethylmethacrylate, polyisobutyrene-polymethylvinylether, 
polystyrene-polyhydroxyethylvinylether, polystyrene-polyionicacetylene,' 
polymethyl-(methyleneglycol)vinylether-polyisobutylvinylether, 
poly(2-(1-pyrrolidonyl)ethylvinylether-polyisobutylvinylether, 
polylauryllactam-polytetrahydrofuran. More preferred 

30 Polyoxyethylene-polyoxypropylene-polyoxyethylene, 
polyoxyethylene-polyoxypropylene, 
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polyoxypropylene-polyoxyethylene-polyoxypropylene polystyrene-polyoxyethylene, 
polystyrene-poly-2-vinylpyridine, polystyrene-poly-4-vinylpyridine. 
polyethylene-polyoxyethylene, polyethylenepropylene-polyoxyethylene, 
polymethylmethacrylate-polyoxyethylene. polystyrene-polymethylmethacrylate, 
polystyrene-polybutadiene, polystyrene-polybutadiene-polystyrene, 
polystyrene-poiyisoprene, or polystyrene-polyisoprene-polystyrene. 

Useful solvents may be methanol, ethanol, propanol, isopropanol, butanol, 
isobutanol, ethylacetate, butylacetate, acetonitrile, dimethylformaldehyde, 
dimethylsulfoxide, acetone, methylethylketone. methylisobutylketone, dimethylether, 
diethyleneglycol, diethylether, ethyleneglycol, dioxane, tetrahydrofuran, benzene, 
toluene, xylene, or water. More preferred are methanol, ethanol, propanol, acetone, 
ethylacetate, or water. 

A zinc precursor of 0.01 to 99 parts by weight, and preferably 1 to 20 parts 
by weight based on 100 parts by weight of the solvent is admixed to the mixture to 
dissolve the zinc precursor. Dicarboxylic acid in the form of solid or liquid of 0.01 to 
99 parts by weight, and preferably 1 to 10 parts by weight based on 100 parts by 
weight of the solvent, is added to the resulting solution. 

The zinc precursor may be anhydrous zinc acetate estm, zinc hydroxide, 
zinc chloride, zinc nitrite, zinc perchlorate hexahydrate, zinc oxide, zinc sulfate, zinc 
20 acetatedihydrate, or zinc nitrate hexahydrate. 

The dicarboxylic acid may be aliphatic dicarboxylic acids or aromatic 
dicarboxylic acids. Examples of aliphatic dicarboxylic acids are oxalic acid, malonic 
acid, succinic acid, glutaric acid, adipic acid, 1,5-pentane dicarboxylic acid, 

1.6- hexane dicarboxylic acid, 1,8-octane dicarboxylic acid, and 1,10-decane 
25 dicarboxylic acid; and examples of the aromatic dicarboxylic acids are phthalic acid, 

isophthalic acid, terephthalic acid, 1 ,2-naphthalene dicarboxylic acid, 
1,3-naphthalene dicarboxylic acid, 1 ,4-naphthalene dicarboxylic acid, 
1,5-naphthalene dicarboxylic acid, 1 ,7-naphtahlene dicarboxylic acid, 
1.8-naphthalene dicarboxylic acid, 2,3-naphthalene dicarboxylic acid, 
30 2,5-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic acid, or 

2.7- naphthalne dicarboxylic acid. More preferred are glutaric acid or adipic acid. 

5 



WO 2004/000911 



PCT/KR2003/001211 



The dicarboxylic acid may be used solely or in combination thereof. 

The solution is kept at a temperature between 30 and 80 1 for 1 to 24 hours, 
and preferably 5 to 10 hours while being violently shaken. The resulting dispersion 
is filtered while the temperature is maintained to prepare a catalyst for polymerization 
5 of aliphatic polycarbonates. The catalyst is then washed by the following 
procedures. The obtained precipitated material is diluted with the organic solvent 
and shaken for 1 to 24 hours to dissolve the amphophilic copolymer, followed by 
filtering it to obtain filter cake and washing the filter cake with distilled water and 
acetone several times. The resulting material is dried in a vacuum drying oven at 
10 room temperature. 

The catalyst of the present invention can prepare a polycarbonate polymer 
from carbon dioxide with a high yield such that the use of the catalyst allows an 
increase in the use of carbon dioxide, thereby effectively suppressing atmosphere 
pollution and climate change. In addition, the zinc dicarboxylic acid ester of the 
15 present invention can be prepared in the form of particles of various sizes and 
various types, e. g., nano particles, or film, and a polycarbonate polymer synthesized 
by zinc dicarboxylic acid ester has uses in many areas such as for ceramic binders, 
evaporative pattern casting, and adhesives. 

In the application, a detailed description regarding the copolymerization of 
20 alkylene oxide and then carbon dioxide in the presence of the catalyst is not required 
in order to perform the present invention, because it is well known in the related arts, 
but one embodiment thereof will be briefly illustrated. 

The catalyst is added to alkylene oxide and carbon dioxide is injected into 
the mixture at a predetermined pressure (e.g., 300psi) followed by copolymerization. 
25 When the copolymerization is completed, an organic solvent such as methylene 
chloride is added to the resulting material and the obtained mixture is washed with 
diluted hydrochloric acid solution several times. The washed mixture is then 
washed with distilled water several times and precipitation is performed using 
methanol. The precipitated material is dried in a vacuum drying oven at room 
30 temperature. 

The copolymerization is performed in the absence of organic solvents or in 
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the presence of organic solvents such as 1 ,4-dioxane, toluene, benzene, methylene 
chloride, or cyclohexane. If the copolymerization is performed in the absence of 
organic solvents, the alkylene oxide or aliphatic cyclic ester which does not 
participate in the copolymerization but remain, acts as the solvent. When the 
5 copolymerization is completed, the remaining alkylene oxide and aliphatic cyclic 
ester is recovered and is reused. 

The produced aliphatic polycarbonate preferably has a molecular weight of 
500 to 5x1 0 6 , which results in ready control of chemical or physical properties and 
forming properties. 

10 The present invention is further explained in more detail with reference to the 

following examples, but the examples should not be construed as limiting the scope 
of the claimed invention. 
<Example 1> 
(Preparation of catalyst) 

15 To a two-necked flask, 2.5g of polyoxyethylene-polyoxypropylene copolymer 

(Trademark: Pluronic, PE6400; (ethyleneoxide: EO) 13 (propy!eneoxide: PO) 3 o(EO), 3l 
HLB(hydrophilic-lipophilic balance) 17, molecular weight : 2900) and 2.5g of zinc 
acetate dihydrate were added, and ethanol was added thereto to a total amount of 
50g followed by increasing the inner temperature to 60 1C and stirring with a magnetic 

20 bar . After the temperature increase, 1 .5g of glutaric acid was added to the resulting 
solution and reaction was carried out for 10 hours while violently shaking, it. 
Thereafter, the stirring was stopped and it was filtered to obtain a precipitated 
material. The precipitated material was suspended with 1 00ml of acetone and was 
allowed to stand in the beaker for 5 hours while being stirred followed by filtering and 

25 washing three times or more with distilled water and acetone. The residual solvent 
was removed from the resulting material under the condition of 50"C/5mmHg and 
2.2g of a catalyst was obtained finally. 

(Polymerization of aliphatic polycarbonate) 

1g of the catalyst was placed in an autoclave in a glove box under a nitrogen 
30 atmosphere, and 100m! of propylene oxide was placed therewith. Thereafter, the 
reactor was pressurized to 300 psi with carbon dioxide. The polymerization was 
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carried out for 40 hours while being kept at 6012. 

When the polymerization was completed, carbon dioxide was removed from 
the reactant and methylene chloride was added thereto. The resulting material was 
washed three times with diluted hydrochloric acid solution, and then with distilled 
5 water to remove catalyst from the resulting material. Then, the material was 
precipitated using methanol. The obtained precipitated material was filtered and 
dried to obtain 83g of propylene carbonate polymer. 

Analysis by infrared and nuclear magnetic resonance spectroscopy showed 
that the product was a copolymer of propylene oxide and carbon dioxide in a 1 : 1 
10 mole ratio. 

<Example 2> 

(Preparation of catalyst) 

1.9g of a catalyst was prepared by the same procedure as in Example 1, 
except that 0.5g of a copolymer of polyoxyethylene-polyoxypropylene was used. 
1 5 (Polymerization of aliphatic polycarbonate) 

57g of a copolymer was prepared by the same procedure as in Example 1, 
except that the catalyst of this example was used. 

< Example 3> 

(Preparation of catalyst) 
20 2.1g of a catalyst was prepared by the same procedure as in Example 1, 

except that 5g of a copolymer of polyoxyethylene-polyoxypropylene was used. 

(Polymerization of aliphatic polycarbonate) 

53g of a copolymer was prepared by the same procedure as in Example 1, 
except that the catalyst of this example was used. 
25 <Examples4-11> 

A catalyst was prepared by the same procedure as in Example 1 , except that 
the copolymer was used as shown in Table 1 and polymerization was carried out by 
the same procedure as in Example 1, except the catalyst of these examples were 
used. The yield and the polymerization results are presented in Table 1 . 
30 <Example 12> 

2.2g of a zinc adipic acid ester catalyst was prepared by the same procedure 



WO 2004/000911 PCT/KR2003/001211 



as in Example 1, except that 1.66g of adipic acid was used. 
(Polymerization of propylene carbonate) 

29g of a copolymer was prepared by the same procedure as in Example 1, 
except that the catalyst of the example was used. 
5 <Example 13> 

2.2g of a catalyst was prepared by the same procedure as in Example 1, 
except that 1.66g of zinc nitrite was used. 

(Polymerization of propylene carbonate) 

65g of a copolymer was prepared by the same procedure as in Example 1, 
1 0 except that the catalyst of this example was used. 
<Comparative Example 1> 

2.1g of a catalyst was prepared by the same procedure as in Example 1, 
except that a copolymer was not used, and 34g of a copolymer was prepared by the 
same procedure as in Example 1 , except that the catalyst of this example was used 
15 <Comparative Example 2> 

To a 250ml two-neck flask, 8.1g of zinc oxide and 13g of glutaric acid were 
added, and the mixture was violently shaken in 150ml of toluene solvent at 55 1 for 2 
hours and was brought to reflux for 4 hours. The solid product was washed with 
acetone. The obtained zinc glutaric acid ester was set to a condition of 
20 50ty5mmHg to remove the residual solvent, thereby obtaining 1 9g of catalyst. 

Using the catalyst, polymerization of propylene carbonate was undertaken 
by the same procedure as in Example 1 to prepare 53g of polymer. 
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Table 1 





Block copolymer 


Yield (g) 


Activity ol catalyst (g of 
polymer /g of catalyst) 


Example 1 


Piuronic PE6400 


2.2 


38 


Example 2 


Pluronic PE6400 


1.9 


30 


Examnl^ 3 

LAQI 1 1 fjlls O 






25 


Example 4 


Pluronic P123 


2.01 


75 


Example 5 


Pluronic F68 


1.90 


66 


Example 6 


Pluronic F108 


1.85 


70 


Example 7 


Pluronic F1 27 


1.95 


55 


Example 8 


Pluronic L10 


2.05 


62 


Example 9 


Piuronic L61 


1.96 


59 


Example 10 


Pluronic L81 


2.10 


50 


Example 1 1 


Pluronic L121 


2.00 


77 


Comparative 
Example 1 


No use 


2.1 


16 


Comparatlvje 
Example 2 


No use 


19 


2.7 



In Table 1, P1 23 is a copolymer of (EO) 2 o(PO) 70 (EO) 2 o. with a molecular 
weight of 5820; 

F68 is a copolymer of (EO)8o;(PO) 70 (EO) 80 , with an HLB of 29 and a 
5 molecular weight of 8780; 

F1 08 is a copolymer with HLB of 27 and molecular weight of 1 4600; 
F127 is a copolymer of (EO) 106 (PO) 70 (EO)to6. with HLB of 22 and molecular 
weight of 13388; 

L1 0 is a copolymer with an HLB of 1 4 and a molecular weight of 3200; 
0 L61 is a copolymer with an HLB of 3 and a molecular weight of 2000; 

L81 is a copolymer with an HLB of 2 and a molecular weight of 2750; and 
L121 is a copolymer of (EO) s (PO)7o(EO) 5l with a molecular weight of 4500. 
It is evident from Table 1 that the catalyst activity according to Examples 1 to 
1 1 exhibits better than that according to Comparative Examples 1 and 2. Such high 
5 activity is believed to be because a different and new surface structure by use of the 
amphiphilic block copolymer. 

As described above, the present invention prepares a zinc dicarboxylic acid 
ester catalyst with a modified surface structure using an amphiphilic block copolymer. 

10 



WO 2004/000911 



PCT/KR2003/001211 



Such a modification of surface structure renders a higher activity than that of the 
conventional catalyst, and the method is environmentally friendly without the use of 
organic solvent. The polycarbonate can be formed as a film or particle, and it has 
uses in many areas such as for ceramic binders, evaporative pattern casting, and 
5 adhesives. In addition, the method uses carbon dioxide as a monomer so that 
atmospheric pollution and climate change due to carbon dioxide can be controlled. 
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